The prevalence of infection caused by different categories of diarrhoeagenic E. coli (DEC) strains, including enteroaggregative (EAEC), enteropathogenic (EPEC), enterotoxigenic (ETEC), enteroinvasive (EIEC) and enterohaemorrhagic (EHEC) E. coli, in children who suffered from diarrhoea (n53943) or did not have diarrhoea (n51026) were analysed in two areas in Bolivia over a period of 4 years. We also analysed the seasonality of DEC infections and severity of diarrhoea in children with DEC infection and compared antibiotic resistance in DEC strains isolated from children with and without diarrhoea. Stool samples were analysed for the presence of DEC by culturing followed by PCR. The most prevalent DEC categories in samples from the children were: EAEC (11.2 %); ETEC (6.6 %); EPEC (5.8 %); and EIEC and EHEC (,1 %). DEC strains were isolated significantly more often from diarrhoea cases (21.6 %) than from controls (17.6 %; P50.002). The number of children with diarrhoea associated with EAEC, EPEC and ETEC infections peaked in the Bolivian winter (April-September), although the proportion of DEC-positive stool samples was higher during the warm rainy season (October-March). High levels of antibiotic resistance were detected among the DEC strains. In particular, resistance to tetracycline and sulfamethoxazole-trimethoprim was significantly higher in strains isolated from individuals with diarrhoea than in samples from controls. The severity of disease in children infected with EAEC, EPEC and ETEC varied from mild to severe diarrhoea, although disease severity did not differ significantly between the different DEC categories. ETEC, EPEC and EAEC are commonly found in Bolivia and may cause severe disease in children.
INTRODUCTION
Acute diarrhoeal disease (ADD) remains a major public health problem in developing countries because of its association with high morbidity and mortality rates in children younger than 5 years (Ricci et al., 2006) . In Bolivia, which is one of the poorest countries in Latin America, conservative estimates place the annual death toll from diarrhoeal diseases at 13 000-15 000, with most of these deaths occurring in young children (INE, 2002; WHO, 2008) . In the main paediatric hospitals in Bolivia, diarrhoeal diseases account for more than one-third of hospitalized patients (INE, 2002) . As in many developing countries, the aetiology of most episodes of diarrhoea in children remains largely unknown. Moreover, management protocols for most of the cases of diarrhoea for which a causative agent cannot be readily confirmed include treatment with antibiotics (Nguyen et al., 2005a) . Therefore, management, control and prevention of ADD require knowledge of the causative agents, so as to reduce mortality and morbidity rates. Over the past few years, knowledge of the aetiologies of ADD-associated pathogens has been advanced by the discovery of new pathogens and the development of sensitive diagnostic procedures (Petri et al., 2008) . However, the diversity of pathogens that can cause diarrhoeal disease complicates accurate surveillance and diagnosis, especially in less-developed parts of the world where there is little or no access to modern laboratory procedures (Qadri et al., 2005) . agents in developing countries. Based on specific virulence determinants, associations with certain serotypes and clinical and epidemiological features, DEC strains can be divided into the following five major categories: enterotoxigenic E. coli (ETEC), enteroaggregative E. coli (EAEC), enteropathogenic E. coli (EPEC), enterohaemorrhagic E. coli (EHEC) and enteroinvasive E. coli (EIEC) (Nataro & Kaper, 1998) . ETEC strains are distinguished by their ability to produce heat-labile (LT) and/or heat-stable (ST) enterotoxins and to express specific colonization factors (Gaastra & Svennerholm, 1996) . EAEC is characterized by the virulence factors present on the 60 MDa pAA plasmid, which includes aggregative adherence factor II (aafII), an ST toxin (ast), a transcriptional activator (aggR) and dispersin (aap) (Harrington et al., 2006) . EPEC is characterized by the presence of intimin (eae), which causes attachment and effacement on intestinal epithelial cells, and the bundle-forming pili (bfp) (Jerse et al., 1990) . A typical EPEC strain is characterized by the presence of both the eae and bfp genes, while an atypical EPEC strain possesses the eae gene only. EHEC is characterized by the presence of the toxin genes stx-1 and stx-2 and, in some strains, the presence of the eae gene (Nataro & Kaper, 1998) . The invasive property of EIEC is determined by the presence of a 140 MDa virulence plasmid (pInv), which encodes genes for invasion (e.g. virf, ipah and ipal) (Berlutti et al., 1998) .
In the present study, we identified the five main types of DEC in stool specimens obtained from children younger than 5 years of age who were hospitalized with diarrhoea in the La Paz and Cochabamba areas of Bolivia. Our goals were to define the prevalence of the different pathogens, the severity of disease caused by these pathogens, seasonal and age distributions, and susceptibilities to antibiotics.
METHODS
Study region. The study was carried out in two hospitals in La Paz (Materno Infantil and El Niño), two hospitals in the nearby city of El Alto (Boliviano Holandes and Los Andes) and one hospital in the city of Cochabamba (Albina Patiño). La Paz, which is the governmental capital of Bolivia, is situated in the western part of the country at 3660 m above sea level. Because of the altitude of the city, the temperature is consistently cold throughout the year (mean temperature, 13 uC), although the diurnal temperature variation can be large. El Alto, which is one of the highest-altitude major cities in the world (4150 m above sea level), has a mean temperature of 11 uC. Around 85 % of the population of El Alto is indigenous and has a low income. In this study, we considered La Paz and El Alto as a single city because of the constant exchanges between the two locations (e.g. many of the children hospitalized in La Paz actually live in El Alto). The combined population of La Paz and El Alto is around 2 million inhabitants. In contrast, Cochabamba is a valley city in central Bolivia, located 450 km from La Paz and at 2860 m above sea level, with a more tropical climate (mean temperature, 20 uC). Both cities have a relatively dry climate, with major rainfalls occurring mainly in the slightly warmer months of October to March (warm rainy season) and lower minimal temperatures and very low precipitation levels observed from April to September (cold dry season).
The study population was covered under the Universal Mother and Child Insurance System (SUMI), which provides free primary maternal and child care in Bolivia. The study hospitals generally attract families of low socioeconomic level from suburbs with high growth rates; the breadwinner in the family will usually earn a daily income from informal work. The majority of households (87 %) in these areas have only basic access to electricity and water-source services (82 %) and insufficient sewage disposal systems.
Study design. All of the children were aged ,60 months (mean 12.6±9.2±SD) and hospitalized with acute diarrhoea, which was defined as at least three loose, liquid or watery stools within 24 h, regardless of other gastrointestinal symptoms, and lasting ¡14 days after hospital admission. Subjects who were identified from the National Rotavirus Surveillance programme in Bolivia between January 2007 and December 2010 were included in the study. Stool samples were collected on day 1 of hospitalization and prior to antibiotic therapy. Demographic information regarding age, sex and day of hospitalization, as well as clinical information about the diarrhoeal episodes, was obtained from doctor-completed medical records. To determine disease severity, a modified Vesikari scoring system (Ruuska & Vesikari, 1990 ) was used, which included duration of diarrhoea (1-3 points), maximum frequency of stools per day (0-3), maximum frequency of vomits per day (0-3), dehydration (0-4), treatment by oral or intravenous rehydration (1-3), presence of metabolic acidosis (0-2) and electrolytic disequilibrium (0-2). Scores were defined as mild (0-8 points), moderate (9-14 points) or severe (15-20 points), as described previously (Ochoa et al., 2009b) . In addition, stool samples were randomly collected from 1026 children younger than 60 months (mean 20.3±15.4±SD), with the same socioeconomic characteristics and without diarrhoea who were admitted to the same hospital with a different diagnosis (e.g. respiratory infection), with no history of diarrhoea in the preceding month and without antibiotic treatment in the past 10 days (control children).
Ethical aspects. Ethical permission for the study was granted by the Bolivian Ethical Committee in La Paz, Bolivia, and by the Regional Ethical Board of Gothenburg, Sweden (Ethics Committee Reference no. 088-10). Parents who were seeking care for their children at the study hospitals were informed about the study upon arrival at the hospital by clinicians or interpreters of the native indigenous language (Aymara in La Paz; Quechua in Cochabamba). The children of parents who gave oral consent for stool samples from their children to be analysed and for anonymized clinical information to be used were enrolled in the study.
Sample collection and pathogen identification. Stool and rectal swab samples were collected in Cary-Blair Transport Medium (Oxoid) and transported on the day of collection to the Laboratory of Molecular Biology and Biotechnology in La Paz. The samples were cultivated in E. coli broth (Oxoid) at 37 uC for 18 h. Cultured bacteria were plated onto MacConkey agar (Oxoid) and incubated at 37 uC for 18 h. Five lactose-fermenting individual colonies with morphology resembling E. coli were selected for determination of DEC category. DNA was obtained by boiling the five bacterial colonies in 200 ml of sterile distilled water for 15 min. After centrifugation at 16 000 g for 3 min, 10 ml of supernatant was used as the template for PCR amplification.
ETEC, EPEC, EHEC and EIEC strains were identified using PCR primers that targeted virulence genes (elt, estA, eae, bfp, stx-1, stx-2 and ipaH) and EAEC strains were identified based on the presence of the aggregative adherence plasmid region (pAA) ( Table 1) . Each reaction was performed in a 20 ml reaction volume that contained 10 ml of the template DNA, 0.5 mM dNTPs (Promega), 1.5 mM MgCl 2 (Promega), 2 U Taq GoTaq Flexi DNA Polymerase (Promega) and 10 pmol of each primer. Amplified samples were subjected to agarose gel electrophoresis (2-3 %) in Tris/borate-EDTA buffer, followed by ethidium bromide staining. The PCR amplifications were verified twice in all cases. Positive and negative controls were used in each PCR assay. Reference strains that were used as positive controls included: VM 75688 for ETEC (LT, ST); O-42 for EAEC (pAA); 933J (stx-1, stx-2, eae) for EHEC; 2348/69 (eae, bfp) for EPEC; and ATCC 43893 for EIEC. Isolated ETEC strains were further verified by GM1-ELISA and multiplex PCR for enterotoxin detection (Rodas et al., 2009; Sjöling et al., 2007) .
Antibiotic susceptibility profiling. Antimicrobial drug susceptibility testing was performed using standard methods (disc-diffusion method) using Mueller-Hinton agar (Oxoid), and the results were interpreted according to the guidelines of the National Committee for Clinical Laboratory Standards (2002), whereby strains were characterized as susceptible, intermediately resistant or resistant. Pathogenic E. coli strains were examined for susceptibility to cefotaxime, chloramphenicol, ampicillin (AMP), cefoxitin, amoxicillin-sulbactam (SAM), sulfamethoxazole-trimethoprim (STX), nalidixic acid, tetracycline (TET) and ciprofloxacin. E. coli ATCC 25922 was used as the control strain.
Data analysis. SPSS version 18 software was used for statistical analyses. Comparisons of frequencies were performed using logistic regression or Fisher's exact test. Binary logistic regression was used for the calculation of odds ratios (ORs) and 95 % confidence intervals (CIs) considering the presence of diarrhoea as the outcome variable and the different DEC categories as the explanatory variable. P,0.05 was considered statistically significant.
RESULTS
In total, 3943 stool samples from children with diarrhoea were analysed; 2294 (58. The study had a sample collection coverage of 95 % of all children younger than 5 years who were hospitalized with diarrhoea at all of the hospitals included in the study.
The age distribution, sex ratio and seasonal distribution of cases were similar for the two cities (data not shown). Overall, 61 % of the ADD cases were identified during the cold dry season and 39 % during the warm rainy season. In addition, 1026 samples from hospitalized children younger than 5 years without diarrhoea were randomly collected from the hospitals during the study period, to investigate the association of DEC with the disease.
Prevalences of diarrhoeagenic E. coli strains in the Bolivian cohort and associations with disease
Stool samples collected from all of the children enrolled in the study were tested for all five DEC categories (i.e. EAEC, ETEC, EPEC, EIEC and EHEC) during year 1 of the study (2007) . Because EHEC and EIEC were identified at very low prevalences (0.05 and 0.5 %, respectively), they were not examined during the remainder of the study.
During the entire study period, DECs were isolated significantly more often in the samples from children with diarrhoea (21.6 %) than in those from children without diarrhoea (17.6 %; P50.002). When stool specimens from children younger than 5 years were analysed, EAEC strains were isolated in 11.2 % of the children with diarrhoea and 7.4 % of the children without diarrhoea (P,0.001); ETEC strains were present in 6.6 % of the children with diarrhoea and 4.8 % of those without diarrhoea (P50.019); and EPEC strains were identified in 5.8 and 4.0 % of the children with and without diarrhoea, respectively (P5 0.017) ( Table 2) .
Comparison of the prevalences of DEC between the two cities showed that significantly fewer EPEC infections were identified in Cochabamba (3.7 %) than in La Paz (7.2 %, P,0.001), whereas the prevalences of ETEC and EAEC were similar between the two locations. Differences in DEC prevalence were observed across the years of the study. In La Paz, EAEC strains were the most common agents of disease during the 4 years of the study. ETEC strains were the second most prevalent pathogens during 2007, as were EPEC strains during 2008-2010 (data not shown). In Cochabamba, EAEC strains were again the most prevalent pathogens, followed by ETEC and EPEC strains over the entire study period (data not shown). Co-infections with two DEC strains were observed in 96 children (2.4 %). ETEC together with EAEC (1.1 %) accounted for the most common type of co-infection. None of the samples contained more than two DEC types.
Age and sex distributions in relation to the causative pathogen
DECs were detected in all of the age groups studied (Table  3 ). The highest percentage of EAEC was observed in children aged 6-11 months, and this was significantly higher than the percentage of EAEC for children aged 0-5 months (P50.004) and 24-60 months (P50.019). In contrast, the highest percentage of ETEC was seen in children aged 12-17 months, and this was significantly higher than the percentage of ETEC for children aged 0-5 months (P,0.001) and 6-11 months (P50.002). No significant differences between the age groups were found for EPEC. Comparison of the age distributions for the different categories of DEC showed that the percentage of EAEC cases in children aged 6-11 months was significantly higher (38.9 %; P50.002) than those of ETEC (26.8 %) and EPEC (32.5 %) in the same age group, while the percentage of ETEC in children aged 12-17 months was significantly higher (39.5 %, P50.006) compared with EAEC (29.1 %) and EPEC (31.6 %) (Table 3) . In children aged 0-5 months, the percentage of non-DEC strains (20.4 %) as a cause of diarrhoea was significantly higher than DEC strains (13.4 %; P,0.001).
The mean ages of children with diarrhoea (12.62± 9.21 months, ±SD) and without diarrhoea (20.79±15.66 months, ±SD) were different. However, comparison of the different age groups of DEC children with and without diarrhoea, showed that the presence of DEC was significantly higher in children with diarrhoea at the ages 6-11 months (P50.03), 12-17 months (P50.001) and 18-23 months (P50.044). In contrast the percentage of DEC was higher in children without diarrhoea compared with children with diarrhoea at the ages 24-60 months (P,0.001) ( Table 3 ).
There were no significant differences in sex distribution for any of the DEC categories in the total population or between cities.
Disease severity in relation to the causative pathogen Analysis of disease severity showed no significant differences between the different DEC categories, although slightly higher mean Vesikari scores were observed for ETECinfected children (11.65) than for those infected with EAEC (10.80) or EPEC (10.72). However, high Vesikari scores (.15) were significantly more prevalent in children infected with ETEC (21.6 %) than in those infected with EAEC (11.8 %; P50.005). We also compared the prevalences of children with DEC diarrhoea (265 children) and non-DEC diarrhoeas (1382 children); the latter had diarrhoea caused by an agent other than DEC. Significantly higher mean Vesikari scores were found for the non-DEC children (12.0), as compared with those children infected with DEC (11.0; P50.017). In addition, the proportion of children with a high Vesikari score (.15) was also significantly higher in the non-DEC group (24.8 %) than in the DEC group (15.5 %) ( Table 4) .
Seasonality of infections in relation to the causative pathogen
The total number of DEC cases increased during the cold dry season (April-September), with peak numbers in May and June in La Paz and in May in Cochabamba. These peaks coincided with the total number of diarrhoea-related hospitalizations in children younger than 5 years (Fig. 1a,  b) , which was mainly attributed to viral infections. The percentages of cases across all months of the year are shown in Fig. 1(c, d) . In La Paz, ETEC (9.6 and 5.1 %, P,0.001), EPEC (9 and 6.1 %, P50.008) and EAEC (13.3 and 10.5 %, P50.039) strains were associated with the warm rainy season (October-March) rather than the cold dry season (April-September), while in Cochabamba, there were no differences in this respect between the two seasons (data not shown). In addition, analysis of all cases in La Paz and Cochabamba showed an association of ETEC with the warm rainy season (P,0.001), whereas EAEC seemed to be equally distributed throughout the two seasons (Table 5) .
Antibiotic resistance of the pathogens
Among the 881 DEC strains tested, 93 % were resistant to at least one antibiotic. The DEC strains were commonly resistant to AMP (93.8 %), STX (74.8 %), TET (55.5 %) and SAM (41.4 %). Low levels of resistance were observed towards chloramphenicol (16.5 %), nalidixic acid (15.3 %), cefotaxime (1.6 %), cefoxitin (2.7 %) and ciprofloxacin (0.8 %). The DEC strains isolated from children with diarrhoea showed significantly different resistance patterns towards STX (74.8 % of cases and 50.5 % of controls; P,0.001) and TET (55.5 % of cases and 32.4 % of controls; P50.012) than the strains isolated from the random set of controls (Table 6 ). Multidrug resistance, defined as resistance to three or more antibiotics, was present in 62.2 % of the strains. In all, 57 different resistance patterns were identified: 14 for ETEC and EAEC, and 16 for EPEC strains. The most common resistance patterns were AMP-STX-TET (16.8 % of isolates), followed by AMP-SAM-STX (8.9 %) and AMP-SAM-STX-TET (10.1 %).
DISCUSSION
The present study constitutes the first report to describe the prevalence, age distribution, seasonality and antimicrobial susceptibility of five categories of DEC in Bolivia. DEC infections, represented mainly by EAEC, ETEC and EPEC, were found in approximately a quarter of hospitalized cases. Although the prevalence of DEC was high in control children without diarrhoea (17.6 %) there was a significantly higher prevalence in children with diarrhoea, supporting the role of DEC as diarrhoea pathogens, as has been shown in several other studies (Estrada-Garcia et al., 2009; Kotloff et al., 2013; Mandomando et al., 2007; Nguyen et al., 2005b; Ochoa et al., 2009b) . However, since the samples were not tested for other pathogens, we cannot exclude that some of the DEC cases may have been associated with other enteric pathogens.
The frequencies of the five main DEC groups in Bolivia found in the present study are very similar to those reported in an earlier study from Peru (Ochoa et al., 2009b) . In both studies, EAEC was the most commonly identified DEC pathogen, and for several countries in the region, such as Mexico, Peru, Brazil and Nicaragua, EAEC has been reported as an emerging DEC pathogen associated with both acute and persistent diarrhoea, being isolated in 11-20 % of cases (Araujo et al., 2007; Estrada-Garcia et al., 2009; Franzolin et al., 2005; Ochoa et al., 2009b) . Other studies in the region showed that ETEC and EPEC were the most important pathogens (Gó mez-Duarte et al., 2010; Torres et al., 2001) . This suggests that the distribution of DEC strains varies over time, although few studies to date have included concomitant analyses of several DEC categories. However, since the present study did not detect the STp toxin of ETEC, we may have underestimated the prevalence of ETEC. The prevalences of EHEC and EIEC were strikingly low in the present study, in contrast to the prevalences of EAEC, ETEC and EPEC. A low prevalence of EHEC has previously been reported in Bolivia (Sanchez et al., 2006) , as well in other countries in the region such as Brazil (Nunes et al., 2003; Regua-Margia et al., 2004; Rosa et al., 1998) , Uruguay (Torres et al., 2001) , Argentina (Rivas et al., 2006) and Chile (Prado et al., 2008) and some other developing countries (Nguyen et al., 2005b; Okeke et al., 2003) , suggesting that prevalence of EHEC is low in developing countries.
A low prevalence of co-infections with different DECs was found in the present study. The observed frequency of ETEC-EAEC co-infections (1.1%) is consistent with other reports (Vilchez et al., 2009) in which the ETEC-EAEC combination was the most commonly detected DEC coinfection. The low rate of co-infections might be explained by the fact that only different DECs were investigated, and no other potentially common bacterial pathogens were examined. However, in this regard, Vibrio cholerae has not been reported in Bolivia since the epidemic of 1992 (INE, 2002) and Shigella species were tested together with EIEC, considering they share similar molecular mechanisms and should test positive for ipaH. However, further studies are needed to analyse the prevalence of different bacterial pathogens, including Salmonella, Campylobacter, Shigella and Yersinia species, as well as different intestinal parasites (e.g. Cryptosporidium) and viral enteropathogens and their associations with diarrhoeal disease in Bolivia. The prevalence of rotavirus was determined in a parallel study in young Bolivian children with diarrhoea (Rivera et al., 2013) ; rotavirus infection was detected with high frequency (36 %) in children up to 2 years of age, as described previously (MSD, 2008; Smith et al., 2011; Rivera et al., 2013) . Although a few studies have compared the severity of diarrhoea caused by different DEC pathogens, differences between the different categories have not been reported (Ochoa et al., 2009b; Spano et al., 2008; Vilchez et al., 2009) . In the present study, we observed only minor differences in severity of disease caused by the different DEC categories, although all the DECs were found to be capable of causing severe symptoms, with the greatest prevalence of high severity being noted for ETEC infections. However, our data suggest that non-DEC pathogens cause more severe disease than DEC pathogens, which suggests that other diarrhoea-associated pathogens can cause more severe diarrhoeal episodes. In Bolivia, viral infections probably account for the majority of diarrhoeal diseases, and rotavirus infections have been reported in 36 % of children with diarrhoea (Rivera et al., 2013) , which probably explains why the non-DEC samples showed higher disease severity scores (Bernstein, 2009 ). In addition, the severity of diarrhoea may be associated with poor nutritional status. In Bolivia, it has been reported that 27 % of children younger than 5 years are malnourished (INE, 2002) , which may increase the risk of severe diarrhoea. Malnutrition also increases the risk of suffering numerous diarrhoea episodes during a single year, which is a risk factor for growth stunting (Ricci et al., 2006) and low height in children from poor economic backgrounds in Bolivia (INE, 2002) .
Up to 93 % of the cases of diarrhoea in the present study were observed in children younger than 2 years, which is concordant with previous reports that diarrhoea mainly Diarrhoeagenic E. coli in Bolivia affects children in the early years of life, and that the reduced frequency of diarrhoea seen after the second year of life may be related to protective immunity induced by previous DEC infections (Ló pez-Vidal et al., 1990; Pathela et al., 2006) . Non-DEC diarrhoea cases were significantly more prevalent in children younger than 6 months of age, which suggests that viral agents may infect children earlier than DEC strains. In Bolivia, 73 % of all rotavirus cases have been shown to occur in children younger than 12 months of age (MSD, 2008) . This pattern, which is repeated around the world, probably reflects the presence of protective maternal antibodies against bacteria in the youngest age groups (Qadri et al., 2005) . In Bolivia, exclusive breastfeeding is quite common during the first 6 months of life, which might explain the low prevalence of DECs in infants younger than 6 months. In contrast, DEC strains seem to cause diarrhoea in children aged 7-17 months, with ETEC infections being the most common in the 12-to 17-month age group, and EAEC infections most prevalent in children aged 6-11 months, as also observed in other studies (Ochoa et al., 2009b; Qadri et al., 2000; Ratchtrachenchai et al., 2004; Spano et al., 2008) . The significantly higher prevalences of DEC cases in children aged 7-23 months with diarrhoea and in children aged 24-60 months without diarrhoea support previous studies (Ló pez-Vidal et al., 1990; Pathela et al., 2006) . However, since the age distribution between children with and without diarrhoea was different, an association of DEC with the disease may have been influenced by this factor. Therefore, future studies should corroborate observed data using a specifically designed case-control study.
No difference in the seasonality of diarrhoea was observed between La Paz and Cochabamba; in both cities, diarrhoearelated hospitalizations peaked during the cold dry season (April-September). The seasonal peak of viral infections has also been reported to occur during the cold dry months (Parashar et al., 1998) , corroborating previous studies in which rotavirus infections in Bolivia were found to be most prevalent in May and June (Romero et al., 2007) and supporting the notion that the main peak of hospitalizations in Bolivia is a result of rotavirus infections (MSD, 2008) . EAEC, EPEC and ETEC strains were found to be endemic in Bolivia over the 4 years of the present study.
Infections with ETEC and EPEC in La Paz were associated with the warm rainy season (October-March), supporting the idea that the probability of bacteria causing diarrhoea is higher during this period, consistent with other studies (Elliott & Dalby-Payne, 2004; Grassly & Fraser, 2006; Pascual & Dobson, 2005) . However, none of the DEC categories was associated with any particular season in Cochabamba, which suggests that conditions other than temperature or precipitation affect DEC seasonality.
Antimicrobial drug resistance in bacteria that cause diarrhoeal disease is a serious and growing problem (Okeke et al., 2007) . Our present study revealed high rates of antibiotic resistance among different DEC categories, in particular resistance to AMP, STX and TET, probably because of inappropriate consumption of these drugs (Al-Gallas et al., 2007; Kahali et al., 2004) . A significant increase in resistance to some drugs was observed among DEC strains isolated from children with diarrhoea, as compared with strains isolated from children without diarrhoea, in particular for STX and TET, which corroborates the results of previous studies (Ochoa et al., 2009a) . These data are particularly disturbing because STX is the antibiotic of choice in Bolivian hospitals for the treatment of persistent diarrhoea. Unrestricted access and the low cost of antimicrobial drugs may increase the selective pressure for multiresistant strains (Putnam et al., 2004) . The observation of low frequencies of resistance to antibiotics that are rarely used in Bolivia, such as ciprofloxacin, cefotaxime, and cefoxitin, supports this notion.
In summary, our present study shows that diarrhoeas caused by DEC, mainly EAEC, ETEC and EPEC, constitute an important cause of hospitalization for young children in Bolivia. These findings could be relevant for future approaches to reduce the burden of diarrhoeal disease in Bolivia.
